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BASIC- ABSTRACT: 

Film is made of a solid solution of zirconia with an oxide alkaline 
earth and 

has rare earth metals. The X-ray diffraction intensity of its plane 
(111) and 

X ray diffraction intensity of all the other crystal planes are less 
than 2 0%. 

The half band width of the diffraction peak of its (111) plane is 
less than 0.8 
deg . 

Film is produced by electron beam heating process at film formation 
speed of 

less than 50 A/sec, in a vacuum of less than 5 x 10 power -4 Torr, 
using 

zirconia and an oxide of at least alkali in earth and in rare earth 
metal . 

USE/ADVANTAGE - Film shows oxygen ion conductivity at a low temp. It 
is useful 
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as an oxygen sensor working at a low temp. It provides a large 
electric current 

value so can be used also as solid electrolyte for a fuel cell of the 
third 

generation. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It consists of a zirconia to which the oxide of at least a kind of metal chosen from the group which 
consists of alkaline earth metal and a rare earth metal dissolved, and all of the X diffraction reinforcement of 
other crystal faces over the X diffraction reinforcement of a field (1 11) are less than 20%, and (1 1 1) the 
diffraction full width at half maximum of a field The stabilization or the partially-stabilized-zirconia thin film 
which is 0.8 or less degrees. 

[Claim 2] The stabilization according to claim 1 which consists of forming membranes by the electron-beam- 
heating method in the vacuum of 5x10 to 4 or less Torrs by below 50A in membrane formation rate / sec, using 
a zirconia and the oxide of at least a kind of metal chosen from the group which consists of alkaline earth metal 
and a rare earth metal as vacuum evaporationo material, or the manufacture approach of a partially-stabilized- 
zirconia thin film. 



[Translation done.] 
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(54) STABILIZED OR PARTIALLY STABILIZED ZIRCONIA THIN FILM AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain a stabilized or partially stabilized zirconia thin film useful as a solid electrolyte 
for oxygen sensors or the third-generation fuel cells by film formation, through electron beam heating 
technique, of a depositing material comprising zirconia and an alkaline earth metal or rare earth 
metal oxide. 

CONSTITUTION: A depositing material comprising alkaline earth metal(e.g. Ca, Mg) and/or rare 
earth metal (e.g. Y) oxide and zirconia, with the former dissolved in the latter into a solid solution or 
both the former and latter separated from each other, is placed in a crucible followed by film 
formation at a rate of <50 &angst;/see on a substrate (e.g. made of alumina)in a vacuum of <5xl0-4 
Torr using an electron beam heating-type vacuum deposition device. The thickness of the resultant 
film is set at 30 20|xm for making the resultant film porous). With the present method, the objective 
zirconia thin film <20% in the X-ray diffraction intensity for each of the rest crystal planes based on 
that for (111) plane and <0.8° in the half-width of the diffraction peak for the (111) plane can be 
obtained. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the stabilization or the partially-stabilized-zirconia thin film 

used for an oxygen sensor, the solid electrolyte for fuel cells, etc., and its manufacture approach 

[0002] 

[Description of the Prior Art] Generally, although a zirconia takes the fluorite structure to which monoclinic 
system was distorted at the room temperature and, as for it, tetragonal system was distorted at the elevated 
temperature, if the oxide of rare earth metals, such as alkaline earth metal, such as calcium and Mg, and Y is 
added to a zirconia, partially or on the whole, ****** or a cubic stable in a large temperature requirement will 
arise, and it will turn into fully stabilized zirconia or partially stabilized zirconia. As a fluorite mold cubic 
whose fully stabilized zirconia is the highest parent phase, also at low temperature, it stabilizes and exists and 
partially stabilized zirconia exists as the mixture of ****** and a cubic, the mixture of a cubic and a monoclinic 
system, the mixture of ****** and a monoclinic system, or tetragonal single phase. Both difference is brought 
about according to the difference of the addition of said oxide. 

[0003] Moreover, when the oxide of the metal ion with which Zr4+, such as rare earth metal ion, such as 
alkaline-earth-metal ion, such as calcium2+ and Mg2+, and Y3+, differs from a valence in a zirconia dissolves, 
an oxygen ion hole is generated in a crystal lattice, and oxygen ion conductivity is shown through this hole. For 
this reason, using fully stabilized zirconia and partially stabilized zirconia as a solid electrolyte for an oxygen 
sensor or third generation fuel cells is variously examined using this property 
[0004] 

[Problem(s) to be Solved by the Invention] The zirconia as an oxygen sensor or a solid electrolyte for fuel cells 
is usually produced by the sintering process or the plasma metal spray method. However, the zirconia produced 
by these approaches has a consistency lower than a theoretical value, and an opaque top, since it is weak also in 
reinforcement, when it uses for a glass diaphragm, it has the trouble of producing gas leakage. Moreover, in 
order to secure required reinforcement, a thick kink colander is not obtained for thickness, consequently there is 
also a trouble that the current value which becomes high and can take out internal resistance will become small. 
[0005] The purpose of this invention is to offer stabilization suitable as the oxygen sensor and the solid 
electrolyte for fuel cells which do not have the above-mentioned trouble or a partially-stabilized-zirconia thin 
film, and its manufacture approach. 
[0006] 

[Means for Solving the Problem] It consists of a zirconia to which the oxide of at least a kind of metal chosen 
from the group which consists of alkaline earth metal and a rare earth metal as what attains the above- 
mentioned purpose dissolved, and all of the X diffraction reinforcement of other crystal faces over the X 
diffraction reinforcement of a field (1 1 1) are less than 20%, and (11 1) the diffraction full width at half 
maximum of a field this invention The stabilization or the partially-stabiiized-zirconia thin film which is 0 8 or 
less degrees is offered. 

[0007] Moreover, this invention offers the manufacture approach of the stabilization according to claim 1 which 
consists of forming membranes by the electron-beam-heating method in the vacuum of 5x10 to 4 or less Torrs 
by below 50A in membrane formation rate / sec, using a zirconia and the oxide of at least a kind of metal 
chosen from the group which consists of alkaline earth metal and a rare earth metal as vacuum evaporationo 
material, or a partially-stabilized-zirconia thin film. 

[0008] Stabilization, stabilization of partially-stabilized-zirconia thin film this invention, or a partially- 
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stabilized-zirconia thin film When the oxide of at least one sort of metals chosen from the group which consists 
of alkaline earth metal and a rare earth metal into a zirconia is dissolving The fully stabilized zirconia which 
stabilizes and exists also at low temperature as a fluorite mold cubic which is the highest parent phase, Or since 
it is the partially stabilized zirconia which exists as the mixture of ****** and a cubic, the mixture of a cubic 
and a monoclinic system, the mixture of ****** and a monoclinic system, or tetragonal single phase, It is stable 
in the large temperature requirement, moreover, an oxygen ion hole is generated in a crystal lattice, and oxygen 
ion conductivity is shown through this hole. The content of the above-mentioned oxide in this zirconia thin film 
is usually 2-20 mol%. Moreover, all of the X diffraction reinforcement of other crystal faces over the X 
diffraction reinforcement of a field (1 1 1) are less than 20%, and (1 1 1) the diffraction full width at half 
maximum of a field this zirconia thin film In order to fulfill the conditions of 0.8 or less degrees, it is precise 
and crystallinity serves as a thin film which consisted of big crystals well, therefore this zirconia thin film is ' 
transparent. 

[0009] What is necessary is just to use the condition that the former is dissolving the oxide and the zirconias of 
a rare earth metal, such as alkaline earth metals, such as calcium and Mg, and/or Y, to the latter zirconia or a 
zirconia, and the above-mentioned oxide, in the separate condition as vacuum evaporationo material by the 
manufacture approach of manufacture approach this invention. However, the oxide of alkaline earth metals 
such as calcium, needs to use vacuum evaporationo material with an oxide content lower than the presentation 
of the zirconia thin film to produce, when making into vacuum evaporationo material the zirconia to which 
oxide with such high vapor pressure dissolved, since vapor pressure is generally higher than a zirconia. Y2 03 
[ in addition, ] etc. - what is necessary is just to use the vacuum evaporationo material of the same presentation 
as the zirconia thin film to produce, since the vapor pressure of oxide is comparable as a zirconia when making 
into vacuum evaporationo material the zirconia to which rare earth metal oxide dissolved 
[0010] In manufacturing the zirconia thin film of this invention, it forms membranes by the electron-beam- 
heating method using the above-mentioned vacuum evaporationo material. That is, in using the vacuum 
evaporationo material to which the oxide of the alkaline earth metal of the specified quantity and/or a rare earth 
metal dissolved, for example into a zirconia, this vacuum evaporationo material is put in into a crucible and it 
forms membranes on a substrate in the vacuum of 5x10 to 4 or less Torrs using an electron-beam-heating type 
vacuum evaporation system by below 50A in membrane formation rate / sec. Thickness is usually 30 
micrometers or less, and in order to make the film into porosity, it is desirable that it is 20 micrometers or less 
Moreover, in using a zirconia and the above-mentioned oxide as vacuum evaporationo material in the state of 
another compound, a zirconia and the above-mentioned oxide are put into another crucible, and plural molds 
adjust the presentation in a thin film, controlling electronic power. If the vaccum pressure at the time of the 
above-mentioned membrane formation is larger than 5xlO-4Torr, an electron-beam-heating method cannot be 
used, and if a membrane formation rate exceeds 50A/sec, the thin film obtained will become opaque In 
addition, even when membranes are formed at the membrane formation rate of 5x10 to 4 or less Torrs a 
zirconia may be decomposed depending on the case, the presentation of the zirconia thin film which an oxygen 
content decreases and is obtained may turn into nonstoichiometric composition, and a black tint may be worn 
However, that what is necessary is just to anneal the obtained zirconia thin film in atmospheric air or an oxygen 
ambient atmosphere in that case, oxygen is introduced by annealing into a thin film and a thin film becomes 
transparence by it. 

[001 1] As a substrate which forms the above-mentioned zirconia thin film, an alumina substrate, a glass 
substrate, a silicon substrate, etc. are usually used. Moreover, as for the X diffraction reinforcement of the 
zirconia thin film obtained, orientation (200) will become strong if that at the time of the above-mentioned 
membrane formation is too low. However, if the obtained thin film is annealed even in such a case (111) 
orientation will become strong, and all of the X diffraction reinforcement of other crystal faces over the X 
diffraction reinforcement of a field (1 1 1) can consider as the zirconia thin film of this invention which is less 
than 20%. Moreover, when the obtained zirconia thin film is used at temperature higher than the substrate 
temperature at the time of membrane formation, the crystal in a thin film may make it detailed and the 
diffraction full width at half maximum of a field (1 11) may increase. What is necessary is just to anneal at 
temperature higher than the service temperature of a zirconia thin film beforehand, in order to prevent this In 
addition, annealing is omissible if substrate temperature at the time of membrane formation is made higher than 
service temperature. 6 
[0012] 
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[Example] Hereafter, an example is given and this invention is explained to a detail. At the following examples 
1-7, it is Y2 03 in a zirconia. The vacuum evaporationo material which dissolved was put in into the copper 
crucible with a water cooled jacket, and membranes were formed at each membrane formation rate on the 
substrate of each temperature in the vacuum of 5x10 to 4 or less Torrs using the electron-beam-heating type 
vacuum evaporation system. 

[0013] Example 1Y203 The zirconia of content 8 mol% is used as vacuum evaporationo material, and it is 
alumina substrate temperature. It applies for 30 minutes by 6A in 200 degrees C and membrane formation rate, 
and sec, and is thickness. The 1.1 -micrometer zirconia thin film was formed, the same - carrying out ~ alumina 
substrate temperature - 300, 400, 500, and 600 - and - It changed into 700 degrees C and a total of six kinds 
of zirconia thin films were obtained. When the diffraction full width at half maximum of a field (1 1 1) was 
compared in quest of the X diffraction image of each of these zirconia thin films, the full width at half 
maximum became large, so that alumina substrate temperature was high (1 1 1). This shows that microcrystal 
becomes large and the thin film of the outstanding property is obtained, so that membrane formation 
temperature is high. Moreover, when the X diffraction reinforcement of other crystal faces over the X 
diffraction reinforcement of the field (111) of each zirconia thin film was measured, a result as shows any X 
diffraction reinforcement of a zirconia thin film to the graph of drawing 1 was brought, and the X diffraction 
reinforcement of other crystal faces over the X diffraction reinforcement of a field (1 1 1) was less than 20%. 
[0014] It sets in the example 2 example 1, and is alumina substrate temperature. About the zirconia thin film 
which formed membranes at 250 degrees C, it measured using elevated-temperature X-ray diffractometer and 
asked for the relation between heating temperature and the full width at half maximum (1 1 1). Consequently as 
shown m drawing 2 , it is half-value width. Up to 600 degrees C When 0.7 degrees, and being almost fixed and 
600 degree C are exceeded, it is abbreviation at a decrease a few and 800 degree C gradually. It became about 
0.35 degrees at 1000 degrees C 0.6 degrees. This shows that the big thin film of microcrystal is obtained like [ if 
it anneals by high temperature ] the case where membrane formation temperature is raised. Moreover, if a 
zirconia thin film is annealed at an elevated temperature from service temperature or membrane formation 
temperature is made higher than service temperature from the result of this example 2 and the above-mentioned 
example 1, it turns out that the magnitude of microcrystal does not change while in use, and the use in an 
elevated temperature is possible for the zirconia thin film of the invention in this application, and this shows 
that it can be used as a solid electrolyte for third generation fuel cells. 

[0015] Example 3 alumina substrate temperature It is thickness abbreviation like an example 1 except having 
considered as 300 degrees C and having changed the membrane formation rate into 70A [ 20, 30, 40, 50, 60, 
and ]/sec. Six kinds of 1 .5-micrometer zirconia thin films were obtained. As for the zirconia thin'film which 
formed membranes at 60 and the membrane formation rate of 70 A/sec, transparency was bad cloudy, although 
each zirconia thin film which formed membranes at the membrane formation rate of 20-50A/sec was 
transparent as shown in Table 1 when visual observation of the obtained zirconia thin film was carried out. 
[0016] 
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[001 7] Y2 03 of the vacuum evaporationo material used example 4 A content is changed into 4, 8, 12 and 21 
mol%, an alumina substrate is changed into a silicon substrate, and it is substrate temperature. Three kinds of 
zirconia thin films with a thickness of 1-2 micrometers were obtained like the example 1 except having 
considered as 300 degrees C. The presentation of the obtained zirconia thin film is measured using EPMA and 
it is Y2 03 of vacuum evaporationo material. Y2 03 of a content and the obtained zirconia thin film It asked for 
relation with a content. Consequently, as shown in Table 2, both showed good correspondence of about 1 ■ 1 
This to Y2 03 When forming the zirconia thin film to contain, it turns out that what is necessary is just to use 
the vacuum evaporationo material of the same presentation as the zirconia thin film which should form 
membranes. Moreover, it is Y2 03 when the X diffraction reinforcement of other crystal faces over the 
diffraction full width at half maximum of a field (1 1 1) and (1 1 1) the X diffraction reinforcement of a field was 
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measured in quest of the X diffraction image of each obtained zirconia thin film. It was the result same 

regardless of a content as an example 1 . 

[0018] 
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[0019] Y2 03 of example 5 vacuum-evaporationo material Y2 03 of the zirconia thin film which changes a 
content suitably and is obtained A content is made into 4, 8, 12, and 21 mol%, and it is substrate temperature. 
Four kinds of zirconia thin films with a thickness of 1-2 micrometers were obtained like the example 1 except 
having considered as 300 degrees C. A platinum paste is applied to the front face of each obtained zirconia thin 
film, an electrode is formed, annealing is performed at 1000 degrees C for 1 hour, and, subsequently it is 
temperature. It kept at 900 degrees C and electrical conductivity was measured by the direct-current 2 terminal 
method. The electrical conductivity of each zirconia thin film is shown in Table 3. When the value of this 
electrical conductivity was compared with the electrical conductivity of bulk material with the same pure 
presentation (Y2 03 ideal bulk material with very few the impurities and lattice defects of an except), as shown 
in Table 3, these were the almost same values. 
[0020] 
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[0021] Whenever [ six examples board temperature ] It considers as 300 degrees C and is Y2 03 of vacuum 
evaporationo material. It is Y2 03 like an example 1 except having changed the content. Content 8 mol% and a 
zirconia thm film with a thickness of 1 micrometer were obtained. Subsequently, the flat electrode of the same 
electrode surface product with a thickness of 1mm was produced using the zirconia of the same presentation 
Both When the internal resistance in 900 degrees C is measured, internal resistance a zirconia thin film with a 
thickness [ of this example ] of 1 micrometer To being 3.7x10 to 3 ohm, the internal resistance of a flat 
electrode with a thickness of 1mm is lohm, and it turned out that internal resistance becomes [ the thin-film- 
lzed direction ] small. From this, as for the zirconia of this invention, thin film-ization shows becoming 
advantageous, when it becomes possible to acquire a bigger current value and it uses as a fuel cell. 
[0022] It asked for the activation energy (activation energy for migration of oxygen) of four kinds of zirconia 
thin films obtained in the example 7 example 4, and compared with the activation energy of bulk with the same 
pure presentation. As shown in Table 4, it is almost the same as that of it of pure bulk, and small, and the 
activation energy of each zirconia thin film is Y2 03. It increased with the increment in a content. It is Y2 03 
that the activation energy of a zirconia thin film becomes equal to it of pure bulk. It is shown that there are few 
impurities of an except. Moreover, that activation energy is small means that electrical conductivity is large and 
use at low temperature is possible also at low temperature 
[0023] 
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[0024] 

[Effect of the Invention] The oxide of at least a kind of metal chosen from the group which consists of alkaline- 
earth-metal ion and rare earth metal ion is dissolving in a zirconia, and moreover, since the activation energy for 
migration of oxygen ion is almost the same as a theoretical value, and small, stabilization or the partially- 
stabilized-zirconia thin film of this invention shows oxygen ion conductivity also at low temperature. For this 
reason, this zirconia thin film is suitable as an oxygen sensor used at low temperature. Moreover, the above- 
mentioned activation energy will become smaller and this zirconia thin film will become the more excellent 
oxygen sensor, if the content of the above-mentioned oxide is lessened. Moreover, all of the X diffraction 
reinforcement of other crystal faces over the X diffraction reinforcement of a field (1 1 1) are less than 20%, and 
(11 1) the diffraction full width at half maximum of a field this zirconia thin film Since it is 0.8 or less degrees, 
microcrystal is large, transparent, and since there are moreover few the impurities and lattice defects other than 
the above-mentioned oxide, it is strong precisely and in reinforcement. For this reason, even if this zirconia thin 
film makes thickness thin, when it has sufficient reinforcement and it is used as a glass diaphragm, it does not 
have a possibility of producing gas leakage. Moreover, since internal resistance can be made small and a bigger 
current value can be acquired by making thickness thin, it can be used as a solid electrolyte for third generation 
fuel cells. 

[0025] According to the manufacture approach of this invention, the above outstanding zirconia thin films can 
be obtained easily. Moreover, by this manufacture approach, by making membrane formation temperature high, 
the diffraction full width at half maximum of a field (1 1 1) can be made small, and the zirconia thin film which ' 
consists of bigger microcrystal can be obtained. Moreover, even when membrane formation temperature is low, 
by annealing after membrane formation, the full width at half maximum can be made small like the case (111)' 
where membrane formation temperature is made high, and microcrystal can be enlarged. Furthermore, since 
change of the magnitude of microcrystal in use can be prevented by making membrane formation temperature 
or annealing temperature at the time of annealing higher than service temperature, the zirconia thin film suitable 
for various applications according to service temperature can be manufactured. 

[Translation done.] 
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